Prediction and thus preparedness in advance of flood events is crucial for proactively reducing their impacts. In the summer of 2012, Beijing, the capital of China, experienced extreme rainfall and flooding causing economic losses to the tune of 1.6 billion dollars and 79 fatalities. Using rain gauge networks as a benchmark, this study investigated the detectability and predictability of the 2012 Beijing event via the Global Hydrological Prediction System (GHPS), forced by the NASA Tropical Rainfall Measuring Mission (TRMM) Multi-satellite Precipitation Analysis at near real-time and by the deterministic and ensemble precipitation forecast products from NOAA Global Forecast System (GFS) at several lead times. The results indicate that the disastrous flooding event was detectable by the satellite-based global precipitation observing system and predictable by the GHPS forced by the GFS four days in advance. However, the GFS demonstrated inconsistencies from run-to-run limiting the confidence in predicting the extreme event.
Introduction 1
Flooding, considered as one of the most hazardous disasters in both rural and urban 2 areas, accounts for about one-third of all geophysical hazards globally (Adhikari et al. 
27
The increasing adverse worldwide impact from floods indicates this is not only a 28 regional or national-level issue but a global problem, which motivates the development of This study evaluates a prototype of a real-time Global Hydrological Prediction 58 System (GHPS), which is driven by the TRMM Multi-satellite Precipitation Analysis
59
(TMPA) and NOAA's Global Forecast System (GFS) deterministic and ensemble 60 precipitation forecasts. We intend to address the following questions: (1) was the July 61 2012 Beijing flood event detectable and predictable by global satellite observing and 62 weather modeling systems in its initial stage without site-specific calibration? (2) How 63 much "added value" does the ensemble streamflow forecast contribute to the 64 hydrological prediction in the probabilistic domain for this specific case study?
65
This study is organized as follows. In Section 2, the core part of GHPS, a distributed 66 hydrological model and its set-up, are described. Then the study region and data sets 67 applied for this particular case study are introduced in Section 3. In Section 4, the 68 hydrologic predictions conditioned on forcing from satellite remote sensing and NWP 69 model forecasts are assessed in both deterministic and probabilistic domains. Finally, the 70 results are summarized in section 5 along with concluding remarks.
71

Global Hydrological Prediction System
72
The Global Hydrological Prediction System (GHPS, Fig. 1 has added a distributed grid-to-grid routing scheme. The CREST model is currently In GHPS, the CREST model is set up at 1/8 degree based on a digital elevation model 
108
(2013) did not specifically address or investigate the extreme or rare events such as the
109
Beijing event investigated in this paper. Therefore, this paper is the first assessment of 110 prediction skill from GHPS in a local setting for an extreme event. In this study, the The dense population of Beijing makes it vulnerable to impacts of rainfall and flood 135 extremes, which often lead to huge economic loss and fatalities.
Four precipitation products (see Table 1 initialized four times per day (00, 06, 12, and 18UTC). The forecasts were produced at 158 three-hourly intervals up to 180-hours of lead time for the GFS and 168 hours for GENS.
159
The spatial resolution of the forecasts was 0.5 degrees. In this study, only the GFS and
160
GENS products initialized at 00UTC were applied to drive the hydrological forecasts.
161
Both the deterministic and ensemble GFS members were interpolated to 0.25° in order to 162 match the spatial resolution of the TRMM rainfall estimates. on rain gauges (Fig. 3a) , TRMM V7 (Fig. 3b) , TRMM RT (Fig. 3c ), GFS and GENS
168
forecasts which initialized from four days to one day in advance of the event (Figs. 3d-k). and RT products estimate less than 30% of the observed rainfall at both locations.
197
In summary, although the GFS underforecast rainfall amounts and had a lag of 198 approximately 6-9 hours in reaching the maximum rainfall rates, the model provided the GFS-forced runoff peak at urban Beijing reached about 60% of the rain gauge-forced 214 runoff peak, and there was also a slight delay in peak timing (Fig. 4b) . For suburban
215
Beijing -Fangshan, at the same lead time of four days, the GFS-forced simulations 216 matched well with gauge-forced peak runoff, but with around 6-9 hours delay in the 217 timing of the peak (Fig. 5b) . This indicates that the GHPS can potentially provide an period flooding at Zijingguan two days in advance (Fig. 7f) .
251
In order to further assess the predictability of GHPS driven by GFS precipitation and Zijingguan by combining the four series into a mean (Fig. 8b) . The GFS has a is approximately -60% four days prior to the Jul 21 event (Fig. 8b) . Similarly, the Bias of
265
GFS-forced modeled streamflow relative to TRMM RT-based simulations is around -20%
266 with four days of lead time. This result shows the potential of the hydrological 267 prognostic capability of GFS-forced GHPS relative to the using TRMM RT in real time. assess the overall performance of the probabilistic forecast exceeding various thresholds.
276
The RPS is calculated via equation (1)
where is the number of thresholds, is the probability of the forecast that exceeds the 
296
So, the ensemble predictive skill in terms of peak magnitude is investigated to evaluate 297 the ensemble streamflow forecasts (from GENS) relative to the deterministic ones (from 298 GFS), thus delivering additional useful information.
299
In order to further assess the probability of ensemble forecast relative to the 300 deterministic forecast, the Brier Skill Score (BSS, cases, the ensemble GENS outperforms the deterministic GFS, especially for the rare and 307 extreme event (i.e. 50-yearr return period event).
308
The ensemble predictive skill in terms of peak magnitude , peak timing
309
, and both peak magnitude and timing are defined as shown by 310 equations (4), (5) and (6). forecasts were unreliable at Zhangfang and Zijingguan. In contrast, the GENS ensemble 334 hydrologic forecasts show probabilities of 20% (Fig. 12c) and 15% (Fig. 12d) for a 20-335 year event and 5% and 10% probabilities for a 50-year event at Zhangfang and
336
Zijingguan with four days of lead time.
337
At Beijing (Fig. 4b) and Fangshan (Fig. 5b) , the deterministic streamflow forecast 338 from the GFS exceeds the 50-year recurrence threshold at a lead time of four days.
339
However, the prediction skill degrades at three days of lead time at Beijing (Fig. 4d ) and 340 Fangshan (Fig. 5d) by not exceeding the 20-year recurrence threshold. The probabilities 
